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A licmin preparation and a method for its manuf acture 



The present invention relates to a lignin preparation 
and to a method for its manufacture, in accordance with 
the preambles of respective Claims 1 and 7. 

Lignin is obtained as a secondary product when produc- 
ing pulp in accordance with an alkali delignif ication 
process such as the sulphate process, soda process or 
polysulphide process. When wood is cooked in accordance 
with one of these processes, so-called black liquor is 
obtained, which contains the lignin removed from the 
wood during digestion. When practising known techni- 
ques, the lignin is precipitated from the black liquor, 
by acidification and the precipitate is extracted by 
filtration. The filtrate is returned to the recycling 
system of the pulp mill. 

The present invention is directed to lignin obtained by 
any of said processes, although primarily lignin ob- 
tained in the sulphate process. 

The lignin removed from the system can be used as fuel, 
or as a starting material in the manufacture of chemi- 
cal or chemitechnical products. Lignin which is extrac- 
ted by separation processes that are run on an indus- 
trial scale will contain 1-1.5% by weight sulphur and 
often up to 4% by weight sodium. The sodium content 
often has a negative influence on the sintering proper- 
ties of the ash that is obtained when burning the lig- 
nin, which makes rational handling of the ash diffi- 
cult. Consequently, it is desirable to be able to raise 



the melting point of the ash, so as to avoid the occur- 
rence of incrustations and deposits when burning the 
lignin, or rather when burning the precipitated and 
extracted lignin preparation. 

When such industrially produced lignin, or lignin pre- 
paration, is burned as fuel for instance, the flue 
gases generated will contain sulphur dioxide, which is 
likely to be further oxidized in the atmosphere and 
therewith constitute a load on the environment, through 
acid precipitation. 

An object of the present invention is to provide a 
lignin fuel with which the ash formed will have an 
elevated melting point, and a further object is to 
provide a method for the manufacture of such a lignin- 
based fuel. 

Furthermore, when burning the inventive lignin prepara- 
tion^ the sulphur present is bound chemically, so as to 
capture sulphur dioxide and therewith reduce the threat 
to the environment from this source. 

These objects are achieved in accordance with the in- 
vention, primarily by eliminating or significantly 
reducing the sodium content of the lignin present in 
the black liguor, and secondarily, as a preferred em- 
bodiment, by replacing a major part of the sodium pre- 
sent with calcium. 

As before mentioned, it is known to remove lignin from 
black liquor. For instance, SE 8402753-1 teaches a 
method in which lignin is precipitated from black 
liquor by introducing carbon dioxide thereinto. The 
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lignin precipitate is separated from the liquor, 
together with other organic substances present therein , 
by filtration and is homogenized to form a suspension, 
which is then used as a fuel source within the mill. 

Lignin which is separated from black liquor on an in- 
dustrial scale with the aid of known techniques will 
contain significant quantities of sodium and sulphur, 
and consequently will have the aforesaid drawbacks when 
used as a fuel source. 

With the intention of enabling a lignin preparation 
obtained from black liquor to be used as fuel, which 
preparation may also contain organic substances other 
than lignin, a primary object of the present invention 
is to elevate the melting point of the ash formed by 
combustion of the fuel, so as to prevent the ash from 
melting during said combustion and therewith to enable 
the ash to be handled in a suitable manner. The sodium 
present in the ash has a negative influence in this 
respect and will lower the melting point of the ash. 
Consequently, in accordance with the invention, a first 
procedure is to treat the lignin so as to reduce its 
sodium content. This can be achieved with the aid of 
various washing processes, as will be explained in more 
detail herebelow. In accordance with one preferred 
embodiment of the invention, a second procedure is to 
replace the sodium present in the lignin with a sub- 
stance which will elevate the melting point of the ash. 
Calcium is an example of one such substance. According 
to another embodiment of the invention, in which the 
melting point of the ash is further elevated, other 
substances, which contain preferably acid components, 
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such as silica and aluminium oxide in the form of kao- 
lin are also added to the system. 

A further object of the invention is to eliminate, or 
at least reduce, the presence of sulphur dioxide in the 
flue gases generated when burning the lignin prepara- 
tion* Calcium is a substance which will bind sulphur 
when burning sulphur-containing fuels, so as to reduce 
the sulphur content of the flue gases. It has been 
possible to reduce the sulphur content of combustion 
gases by up to 90%, when calcium is added in a molar 
ratio Ca/S of about 2. When burning lignin in which the 
sodium content thereof, about 4% by weight, has been 
replaced with calcium, there is achieved an at least 
60% reduction in the sulphur content of the combustion 
gases * 

Another advantage afforded by the lignin preparation 
produced in accordance with the invention is that it is 

20 effective in reducing the sulphur content of the flue 

gases generated when the lignin is burned together with 
other sulphur-containing fuels, such as coal for in- 
stance. It is well known that sulphur dioxide will form 
in flue gases generated when burning coal, this sulphur 

25 dioxide constituting an environmental hazard, as 

beforementioned. Various systems for reducing the sul- 
phur content of flue gases are known to the art. 
According to one known method, an approximate 40% 
reduction in sulphur content is achieved by introducing 

30 a calcium compound in the form of a particle disper- 
sion. This method is thus not too successful. Further- 
more, the method incurs additional costs in the provi- 
sion of apparatus which will produce "spray 
mists 11 , compressors, etc.. Naturally, such additional 
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costs are undesirable. By using a lignin preparation 
that has been produced in accordance with the present 
invention and which thus has a higher calcium content 
than that required to reduce the intrinsic sulphur 
5 content thereof, it is possible, when burning the lig- 
nin together with coal for instance, to reduce the 
sulphur content of the flue gases to a far greater 
extent and in a cheaper and more effective manner than 
when applying known techniques. 

10 

The present invention thus relates to a method for 
obtaining from an alkali delignif ication process such 
as the sulphate soda or polysulphide process a fuel 
which is beneficial from the aspect of environmental 
15 safety and also from the aspect of combustion. 

As beforementioned, according to a first embodiment of 
the invention there is formed a lignin fuel whose melt- 
ing point has been raised by reducing the sodium con- 

20 tent of the lignin. Although this reduction in sodium 
content can be achieved in various, ways, it is prefer- 
red to achieve this reduction by treating the lignin 
cake with an acid, such as to remove the sodium ions 
from the lignin. A reduction of the sodium content down 

25 to 0.1% is possible when proceeding in this manner. The 
melting point of the ash can be elevated still further, 
by adding acid components containing silica or alumi- 
nium to the system. These two latter procedures will 
result in a total elevation of the melting point to 

30 above 1000 °C, preferably above 1100 °C. As before- 
mentioned, according to one preferred embodiment of the 
invention, the melting temperature of the ash is fur- 
ther elevated by ion exchange, in which the sodium ions 
are replaced with calcium ions, this substitution also 
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affording the advantage of reducing the sulphur content 
of the flue gases generated when burning such lignin 
preparations . 

5 Calcium can, in principle , be introduced during dif- 
ferent stages of the lignin-recovery process. Thus, the 
following alternative procedures can be applied when 
practising the present invention: 

10 1 A calcium compound is added to the black liquor, 
prior to or during precipitation of the lignin. 

2 A calcium-containing compound is added to the 
lignin precipitate. 

15 

3 A calcium compound is added while washing the 
filter cake, subsequent to isolating the fil- 
trate. 

20 4 A calcium compound is admixed with the lignin 

obtained subsequent to the filtering and washing 
process, wherein water can be added at the same 
time, depending on the desired physical form of 
the lignin, e.g. to produce a slurry. 



25 



30 



5 A calcium compound is added to the filter cake, 
as in alternative 5 above, but is accompanied by 
acidification and filtering for removal of sodium 
ions. 

According to the alternative 2 , calcium is added ap- 
propriately in the form of calcium carbonate, although 



the filter cake must then be washed with an acid cap- 
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able of forming a soluble calcium salt, e.g. sulphur- 
dioxide water, so that free calcium-ions are available 
for ion-exchange with sodium. It is necessary to carry 
5 out the washing process in a manner such that the lig- 
nin filter-cake will have a pH of beneath 9, preferably 
a pH of 7-9. 

In the case of alternative 3, the calcium compound will 
10 preferably be a water-soluble salt, such as chloride, 
hydrogen sulphite or acetate, and the pH should lie 
between 7-9, also in this case. 

Alternatives 4 and 5 require the provision of appro- 
15 priate and effective mixing apparatus, although the 
lignin filter-cake must also be washed with an acid 
down to a low pH, suitably beneath pH 5, so as to remo- 
ve sodium and replace the sodium with protons. 

20 As bef orementioned , the substitution of sodium in the 
lignin with calcium will result in an ash of higher 
melting point. However, depending on the combustion 
plant in which the fuel is burned, this may not at 
times be sufficient to avoid the problem of the forma- 

25 tion of deposit in the combustion plant. 

In such cases, the properties of the ash can be adjust- 
ed still further, by adding an acid component. Acid 
components which are suitable in these instances in- 
30 elude kaolin, silica, aluminium oxide and slag, and 

also ash which has an acid nature. The melting point of 
the ash can be raised sufficiently, by introducing 
components such as these into the system, for instance 
by admixing the acid component with the filter-cake 
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slurry obtained subsequent to filtration. 

The invention will now be illustrated in more detail 
with reference. to a number of preferred embodiments 
5 thereof described below. 

Embodiment 1 

Black liquor obtained in a sulphate pulp process is 
evaporated or diluted, as necessary, to a consistency 

10 suitable for the process, whereafter gaseous carbon 
dioxide is introduced into the liquor, in order to 
precipitate the lignin content thereof. The liquor is 
then allowed to mature in a separate container, prefer- 
ably while stirring the liquor, whereafter the liquor 

15 and the lignin flocculated therein is passed to a fil- 
tration plant. 

The filtration plant will preferably include a belt- 
filter device comprising a filter belt the upper run of 

20 which is moved in a given direction. Suction boxes, or 
a. system of suction boxes are, or is, disposed beneath 
the upper run of the filter-belt. In order to achieve 
the best possible effect, filtration is effected under 
a partial vacuum, and preferably with well separated 

25 filtering and washing zones. 

The black liquor together with the flocculated lignin 
is supplied to the beginning of the filter belt up- 
stream of the first suction box. The belt is driven at 
30 a slow speed, and the black liquor and its residual 

chemical content will be drawn through the filter belt 
and into the suction box, from where it is returned to 
the chemical recovery process of the system. The lignin 
floes are unable to pass through the filter belt, and 
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consequently remain on the belt in the form of a filter 
cake. The lignin, however, will nevertheless still 
contain residues of black liquor, and the sodium con- 
tent of the lignin, in industrial processes of this 
5 kind, will normally be in the region of 4% by weight, 
and is bound substantially to acid groups in the 
lignin. 

10 As the filter belt moves, the continuously formed fil- 
ter cake is advanced to the next suction box, or system 
of suction boxes, i.e. the washing zone. Washing water 
is delivered to the filter cake, through wash boxes. 

15 When the sodium content of the filtrate on the belt is 
to be substituted with calcium by ion-^exchange in 
accordance with alternative 5 above, an acid or a salt 
is supplied to an appropriate washing box, for the 
application of ion-exchange liquid. The ion-exchange 

20 method enables the pH and sodium and calcium contents 

respectively of the filter cake to be adjusted to desi- 
red levels. Final washing of the filter cake is always 
effected with water from the last wash box in line. 

25 This process results in a reduction of the sodium con- 
tent, and it is possible to achieve a lignin sodium- 
content as low as 0.1% by weight, while introducing 
calcium into the lignin at the same time, therewith 
enabling a calcium content of 6% by weight to be readi- 

30 ly achieved. A typical final pH-value is 8-9, which is 
suitably achieved by adjusting the pH of the washing 
liquid with S0--water for instance. 
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According to this embodiment, kaolin or a similas ash- 
improving additive can be added to the system, either 
to the lignin slurry prior to filtration or to the 
lignin filter-cake subsequent to filtration. The amount 
of kaolin added will preferably correspond to 5-30 % by 
weight, suitably 15% by weight of the ash of the 
ultimate lignin fuel. 

Embodiment 2 

Dolomite, CaMg (C0 3 ) 2 is used instead of calcium chlo- 
ride with substantially the same percentual content, 
and is particularly advantageous when burning the lig- 
nin preparation together with coal, where relatively 
large quantities of sulphur need to be taken up. 



Embodiment 3 

A satisfactory result can also be achieved with calcium 
hydroxide. The washing-water solution then had the 
20 following composition: 

water 95 % by weight 

calcium hydroxide Ca(OHt) 2 5 % by weight. 

In this case it is necessary to wash the filter cake 
25 with S0 2 -water (1-10% concentration) to a pH beneath 9. 

Embodiment 4 % 
Calcium carbonate is added to the precipitated lignin 
slurry upstream of the filter in an amount of 3-20% * 
30 calculated on the lignin. The filter cake is washed 
with an acid washing water, suitably sulphur-dioxide 
water, down to a pH beneath 9, suitably 7-9. 
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Embodiment 5 

Calcium carbonate, corresponding to 3-20 % by weight of 
the lignin, together with kaolin, corresponding to 0.4- 
3% of the lignin , is added to the lignin filter-cake 
5 washed in an acid environment, to a pH beneath 4. 

The use of calcium carbonate provides a process which 
can be readily controlled and which will result in a 
preparation having the preferred properties: Low sodium 
10 content and a relatively high calcium content. Further 
advantages from a technical aspect of combustion can be 
obtained by adding kaolin/ which provides improved ash 
properties . 

Should calcium carbonate not be available for some 
reason or other, it is found that a satisfactory result 
can also be achieved with calcium hydroxide in accor- 
dance with embodiment 3 above. In certain instances, 
dolomite can replace or be used together with one of 
the other calcium compounds mentioned, such as in em- 
bodiment 2 above. 

As beforementioned, the kaolin used in accordance with 
embodiment 5 can be replaced with other acid compo- 
25 nents, such as silica, aluminium oxide and slag, and 
also ash which has an acid nature. The quantities in 
which such components are added are suitably estab- 
lished experimentally, such that the resultant com- 
ponent composition will be adapted to prevailing com- 
30 bustion conditions with respect to obtaining an ash 
having improved properties. 

The invention is not restricted to' the aforedescribed 
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embodiments. For instance, it is not necessary to re- 
place all of the sodium content of the lignin with 
calcium in order to achieve acceptable ash properties. 
A total replacement shall be understood as an embodi- 
5 ment which is optimized environmentally. Naturally, the 
invention can also be applied in plants in which sepa- 
rate sulphur-reducing means are already found, and in 
such cases the addition of calcium may be superfluous. 
In this latter case, the treatment procedures relating, 
10 for instance, to the melting point, of the ash are of 

greater interest. A lignin product in which the sodium 
content has been reduced solely to increase the melting 
point of the ash is thus usable per se . 

15 The sodium content can be best reduced with an acid 

washing stage to a pH of beneath 4 in the filter cake. 

When the lignin is to be burned together with another 
sulphur-containing fuel, such as coal, it is appro- 

20 priate to further increase the calcium content of the 
lignin. The calcium content of the lignin is, to some 
extent, proportional to the pH-value. In the case of 
basic lignin, the calcium is present in the form of 
Ca(OH) 2 up to a pH of 11, and then in a maximum con- 

25 centration of 9% with a sodium content of 0 .1%. At pH- 
values above 11, the calcium is bound to the lignin in 
the form of Ca 0H + . Trials carried out on a lignin 
filter-cake having a pH of 12.4 showed that it is pos- 
sible to bind 24.4% calcium in this latter form. 

30 

It is interesting to note that lignin in a highly acid 
form, i.e. having a very low pH, is also able to bj.nd a 
large quantity of calcium. Calcium is bound as Ca + or 
CaOH + , depending on the amount in which the calcium 
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compound is present and its form, e.g. calcium carbo- 
nate or calcium hydroxide, and the final pH. 
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CLAIMS 

1. A lignin preparation containing predominantly lig- 
5 nin and obtained by precipitation from black liquor e 
which derives from an alkali delignification process, 
such as the sulphate process, soda process or polysul- r 
phide process, characterized in that the original sod- 
ium content of the lignin has been reduced so as to be 
10 less than 2% by weight, preferably less than 1% by 
weight, calculated on the dry weight of the lignin. 

2 . A lignin preparation according to Claim 1, charac- 
terized in that sodium removed from the lignin has been 
15 replaced with calcium, so that the calcium content of 
the lignin exceeds 2% by weight calculated on the dry 
weight of the lignin. 

3. A lignin preparation according to Claim 2, charac- 
20 terized in that it contains acid components originating 

from, for instance, kaolin, silicon dioxide, aluminium 
oxide and slag, and ash of an acid nature. 

4. A lignin preparation according to Claim 3, charac- 
25 terized in that its sintering temperature exceeds 

1000 °c and preferably exceeds 1100 °C. 

5. A lignin preparation according to Claim 2, charac- 
terized in that the sodium content is less than 2.0% by ? 

30 weight, preferably 1.2-0.2 % by weight, and the calcium 
content is at least 3% by weight, calculated on the dry 
weight of the lignin. 



15 

6. A lignin preparation according to Claim 3, charac- 
terized in that it includes an acid component in the 
form of kaolin in a quantity of 5-50% by weight, pre- 
ferably 5-30% by weight, and most preferably 15% by 
weight, calculated on the ash obtained when burning the 
preparation. 

7. A method for producing a lignin preparation in 
accordance with any one of Claims 1-5, which prepara- 
tion contains lignin derived from an alkali delignifi- 
cation process, such as the sulphate process, soda 
process or polysulphide process, in which ligriin is 
extracted by precipitation from black liquor deriving 
from one of said processes and the lignin precipitate 
is separated from the black-liquor residue by filtra- 
tion, characterized in that at least the major part of 
the sodium content of the lignin is removed by washing 
with an acid capable of forming a soluble calcium salt, 
e.g. sulphur-dioxide water, down to a pH beneath 9, 
preferably a pH of 7-9. 

8. A method according to Claim 7, characterized by 
introducing a calcium compound prior to or during said 
precipitation process, so as to replace the sodium 
removed from the lignin with calcium. 

9. A method according to Claim 8, characterized in 
that the calcium compound is calcium carbonate. 

10. A method according to Claim 8, characterized by 
washing the lignin with an acid, preferably sulphuric 
acid or residual acid from Clo --preparation, down to a 
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low pH, preferably beneath pH 8, so as to remove so- 
dium, and then adding a water-soluable calcium com- 
pound, preferably calcium carbonate, subsequent there- 
to. 

5 i 

11. A method according to Claim 8 , characterized by 

adding a calcium compound to the lignin precipitate. x 

12. A method according to Claim 11 , characterized by 

10 filtering-off the lignin precipitate r and by adding the 
calcium compound while washing the filter cake, subse- 
quent to removal of the filtrate. 

13. A method according to Claim 8, characterized by 
15 washing the lignin down to a pH beneath 4, and subset 

quently admixing calcium carbonate with the slurried 
filter cake. 

14. A method according to Claim 8, characterized by 
20 adding an acid compound containing silica, aluminium 

oxide r slag or ash of an acid nature, in addition to 
said calcium compound. 

15. The use of the lignin preparation according to any 
25 one of Claims 1-6 as a fuel. 

16. The use of the lignin preparation according to $ 
Claim 2 as fuel together with other sulphur-containing 

fuels, for the purpose of reducing the sulphur content * 
30 of the ensuing flue gases. 
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